Abstract Several biosurfactants with antagonistic activity are produced by a variety of microorganisms. Lipopeptides (LPPs) produced by some Bacillus strains, including surfactin, fengycin and iturin are synthesized nonribosomally by mega-peptide synthetase (NRPS) units and they are particularly relevant as antifungal agents. Characterisation, identification and evaluation of the potentials of several bacterial isolates were undertaken in order to establish the production of active lipopeptides against biodeteriogenic fungi from heritage assets. Analysis of the iturin operon revealed four open reading frames (ORFs) with the structural organisation of the peptide synthetases. Therefore, this work adopted a molecular procedure to access antifungal potential of LPP production by Bacillus strains in order to exploit the bioactive compounds synthesis as a green natural approach to be applied in biodegraded cultural heritage context. The results reveal that the bacterial strains with higher antifungal potential exhibit the same morphological and biochemical characteristics, belonging to the genera Bacillus. On the other hand, the higher iturinic genetic expression, for Bacillus sp. 3 and Bacillus sp. 4, is in accordance with the culture antifungal spectra. Accordingly, the adopted methodology combining antifungal screening and molecular data is represent a valuable tool for quick identification of iturin-producing strains, constituting an effective approach for confirming the selection of lipopeptides producer strains.
Introduction
Biosurfactants are biological surface-active compounds largely produced by a wide variety of microorganisms (DehghanNoude et al. 2005; Das et al. 2008; Cao et al. 2009 ). An extensive range of structurally different biosurfactants have been identified, including glycolipids, lipoproteins, polysaccharides, proteins and lipopeptides (Souto et al. 2004; Roongsawang et al. 2010) . Lipopeptides molecules are commonly made up of a hydrophobic portion composed by fatty acids (saturated, unsaturated or hydroxylated), which are linked to a short linear or cyclic oligopeptide, that mark the hydrophilic portion of the molecule (Raaijmakers et al. 2010) . On the basis of the structural relationships, the lipopeptides that have been identified in some Bacillus strains are generally classified into three groups: the surfactin group (Yao et al. 2003; Mikkola et al. 2004) , the fengycin group (Hu et al. 2007; Arrebola et al. 2010 ) and the iturin group (Moyne et al. 2001; Kim et al. 2010; Mandal et al. 2013) .
The members of the surfactin and fengycin groups are composed of one β-hydroxy fatty acid and 7 or 10 α-amino acids, respectively, while the members of the iturin group consist of one β-amino fatty acid and 7 α-amino acids. The presence of the β-amino fatty acid is the most striking characteristic of the iturin A family and distinguishes this from the other two families (Tsuge et al. 2001 ).
Responsible editor: Philippe Garrigues These compounds have been received significant attention for their antimicrobial and surfactant properties, especially the nonribosomally synthesized lipopeptides surfactin, iturin and fengycin (Caldeira et al. 2011a) . In contrast to the structural diversity of these lipopeptides, their biosynthetic mechanism is basically conserved (Zhao et al. 2013) . The lipopeptides are synthesized nonribosomally by a mega-peptide synthetase (NRPS) unit which is composed by several cooperating multifunctional modules, with capacity to perform 1 cycle of peptide elongation (Roongsawang et al. 2010) .
NRPSs have a modular structure, and each module possesses approximately 1000 amino acids, which catalysed the incorporation of one amino acid in the peptide product. The order of the modules corresponds to the order in which the amino acids are incorporated in the peptide product (Roongsawang et al. 2010) . The iturin A synthetase operon shares the same organisation as the mycosubtilin operon and spans a region more than 38 kb long, which is composed by four open reading frames: ituA, ituB, ituC and ituD (Tsuge et al. 2001) . The ituD gene encodes a putative malonyl co-enzyme A transacylase, whose disruption results in a specific deficiency in iturin A production (Hsieh et al. 2008) .
In this study a characterisation, identification and evaluation of the antibiotic potential of a set of bacterial isolates were undertaken with the assistance of molecular approaches. Thus, this work intend (i) the microorganism selection with antifungal potential and (ii) the identification of the bacterial strains with higher activity against biodeteriogenic fungi isolated from biodegraded cultural heritage artefacts.
Materials and methods

Bacteria strains and culture media
Bacillus sp. used in this study was selected in a range of 21 bacterial isolates from biodegraded artworks and healthy Quercus suber (south of Portugal) that are currently stored in the culture collection of HERCULES Laboratory, Biotech laboratory, Évora University. The strains were characterized by the morphological, physiological and biochemical characteristics based on the Bergey's Manual of Systematic Bacteriology (Vos et al. 2011) and by 16S rDNA sequencing (outsourcing service). The bacterial strains were maintained on nutrient agar slants and stored at 4°C.
Antifungal activity assessment
For the production of potential bioactive compounds, the Bacillus sp. cells were inoculated in 100 mL of NB (Nutrient Broth) medium. The culture was incubated for 48 h at 30°C in an orbital shaker at 150 rpm (IKA KS 4000 i control, Germany). The bacterial cells were removed from the culture broth by centrifugation (1000×g for 10 min at 4°C). The supernatant was maintained at −20°C for further analysis of antifungal activity.
Fungal spore suspension of Fusarium oxysporum, Aspergillus niger, Cladosporium sp., Penicillium sp. 1, Mucor sp. Rhodotorula sp., Penicillium sp. 2, Penicillium sp. 3 and Alternaria sp. was prepared by adding a loopful of hyphae and spores from a malt extract agar (MEA) slant, incubated at 25°C for 7 days, in 5 mL of NaCl 0.85% solution. The suspension was filtered by sterilized cotton or triple gauze. A 10 6 CFU/mL spore suspension was obtained through dilutions, and fungal suspensions were incorporated in MEA at 45°C in Petri dishes. Filter paper discs with 12.7 mm of diameter (Macherey-Nagel 827 ATD) were placed on the agar and impregnated with 10 μL of Bacillus culture broth, after cells removal. The Petri dishes were incubated at 25°C for 24-48 h. Antifungal activity was indicated by the formation of inhibition zones around the discs where the Bacillus supernatant was applied (Caldeira et al. 2008) .
Bacillus growth profile
To monitor the microorganism growth, liquid cultures were incubated for 72 h at 30°C in an orbital shaker at 150 rpm (IKA KS 4000 I control) and the absorbance monitored at 600 nm.
The kinetics of the bacterial populations growth was modelled by the Gompertz model which is written as: log N/ N 0 = A. exp (−exp (−b − cx)), where the N is the decimal logarithm of microbial counts (log (CFU/mL)) at time t; N 0 is the asymptotic log count as time decreases indefinitely (log (CFU/mL)); A is the number of log cycles of growth (log(CFU/mL)); b is the relative growth rate at time (h −1 ); and c is the time required to reach the maximum growth rate (h).
The specific growth rate, μ were determined from experimental data in exponential phase, using the relation μ (h −1 ) = (c. A)/e, where μ is the specific growth rate of microorganism (log (CFU/mL)/h) and e is the neper number. The time of generation was calculated by g (h) = Ln (2)/μ (Zwietering et al. 1990 ). The equation was fitted to triplicate sets of growth data using nonlinear regression modules of the software SigmaPlot (version 12.0.0, Germany).
LC-ESI-MS analysis
The different supernatants obtained, after bacterial cells removal from the liquid culture centrifugation, were filtered with a 0.45-μm nylon filter (VWR International, West Chester, PA, USA), and a 10-μL sample was analysed by liquid chromatography coupled to mass spectrometry.
LC-electrospray ionisation (ESI)-MS analyses were carried out in a LCQ Advantage Thermo Finnigan mass spectrometer equipped with an ESI source and using an ion trap mass analyser. The conditions of lipopeptides analysis were as follows: capillary temperature 300°C, source voltage 5.0 kV, source current 100.0 A and capillary voltage 22 V in positive mode. The mass spectrometer equipment was coupled to an HPLC system with autosampler (Surveyor Thermo Finnigan). The analytical column was a reversed phase Zorbax Eclipse (C18, particle size 5.0 μm, 150 mm × 2.4 mm). The chromatographic separation was performed with a gradient program using acetonitrile as eluent A and water acidified with 0.1% (v/v) formic acid as eluent B at a flow rate of 0.3 mL min −1 . The elution program was as follows: linear gradient from 20 to 50% of A (0-10 min) and from 50 to 100% of A (10-40 min).
Bacterial DNA extraction
The cells of the Bacillus sp. strains that show antifungal potential were collected from fresh slants and suspended in lysis buffer (40 mM EDTA, 400 mM NaCl, 50 mM Tris-hydrochloride, pH 9.0). These cells were disrupted by adding lysozyme to a final concentration of 1 mg/mL followed by incubation at 37°C for 20 min. After incubation, α-chymotrypsin in 10% SDS was added to a final concentration of 4 mg/mL and sodium dodecyl sulphate to a final concentration of 0.5%. The cell suspension was then incubated at 50°C for 30 min. DNA was extracted by first adding a phenol/chloroform/isoamyl alcohol (25:24:1) volume equal to the aqueous phase, with a subsequent extraction of the aqueous phase using an equal volume of chloroform isoamyl alcohol (24:1). DNA was precipitated overnight (−20°C) after the addition of absolute ethanol (2× aqueous volume) and 3 M sodium acetate (0.3× the volume of the aqueous phase). DNA was collected the next day by centrifugation at 11900×g for 25 min. DNA pellets were suspended in sterile 1× TE buffer, pH 8 (Rinta- Kanto et al. 2005) . The resulting DNA concentration and purity was quantified using μDrop Plate (Thermo Scientific MultiScan Go, Wilmington, DE, USA), following the manufacturer's instructions. The system provides the DNA absorption ratio 260/280 (A260/280) and 260/230 (A260/230). DNA extracts were diluted (1:5, 1:10 and 1:100) and stored at 4°C until analysis.
16S ribosomal DNA sequence analysis
The genomic DNA of Bacillus strain extracted was used as a template. The 16S ribosomal DNA sequence was amplified and sequenced using universal primers 8F: 5′-AGAG TTTGATCATGGCTCAG-3′ and 1492R: 5′-ACGG TTACCTTGTTACGACTT-3′ (Zhao et al. 2013 ). The amplification was conducted by polymerase chain reaction in a PCR thermal cycler (MJ Mini Bio-Rad; Laboratories Inc., USA). The PCR reactions were carried out on initial denaturing at 95°C for 5 min followed by 40 cycles at 94°C each 1 min, 50°C for 1 min and 72°C for 2 min. The reaction was completed by a 6 min extension at 72°C. PCR products were analysed by agarose gel (1%) electrophoresis, and sequenced by capillary electrophoresis using the ABI PRISM 3730 ×l sequencer (Applied Biosystems) with the Kit BDT v1.1 (Applied Biosystems). The homology search of the obtained 16S rDNA sequences was carried out using the Basic Local Alignment Search Tool-BLAST 2.2.25+ from National Centre for Biotechnology Information (NCBI) (http://blast. ncbi.nlm.nih.gov) and Ribosomal Database Project (RDP-II) (https://rdp.cme.msu.edu/). The alignment of the homologous sequence was performed using BioEdit software (version 7.2.2.) (Hall 1999) .
Phylogenetic tree was performed using MEGA 4.0 software (Tamura et al. 2007 ) by the neighbour-joining method (Saitou and Nei 1987) .
Amplification of Bacillus lipopeptide genes
Genomic DNA was isolated from Bacillus CCMI 1051, 1052 and 1053 as previously described. Primers used to amplify the genes encoding for bioactive compounds of Bacillus in test were either used as previously described by Joshi and Gardener (2006) and Cao et al. (2012) or designed using Primer Blast tool from NCBI company (Bethesda, USA) based on the consensus sequences of known Bacillus lipopeptide antibiotic genes deposited in GenBank (Table 1 ) (Joshi and Gardener 2006; Cao et al. 2012 ) and RDP-II (https://rdp.cme.msu.edu/).
PCR reactions were carried out in a 25 μL reaction volume containing 1 μL genomic DNA, 2.5 μL 10× PCR buffer, 20 mM MgCl 2 , 0.2 mM of each dNTP, 0.5 μM of each primer and 1.25 U Taq DNA polymerase (Thermo Scientific, Waltham, USA). Amplification was performed with a PCR thermal cycler (MJ Mini Bio-Rad; CA, USA) programmed for 1 cycle of 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, annealing for 30 s at 52°C for ituC specific primer, whereas those for ituD, ituB and ituA were set to 58 and 72°C for 1 min, and extension at 72°C for 7 min was conducted after 35 cycles. A negative control without DNA was included in each PCR run, and each PCR reaction was performed in duplicates. The amplified products were visualized by gel electrophoresis in a 1% agarose gel, stained by SYBR® Safe DNA 10,000× (Invitrogen, Waltham, USA).
Real-time PCR analysis
The reactions were carried out using the PerfeCTa® SYBR® Green Supermix (Quanta BioSciences, Inc., Gaithersburg) that contains SYBR® Green fluorophore, which fluoresces at 530 nm wavelength when bound to double-stranded DNA.
Each PCR reaction was performed in a total volume of 10 μL containing 9.6 μL of PerfeCTa® SYBR® Green Supermix, 0.05 μL of each primer (50 μM) and 0.4 μL of template bacterial DNA extracted. For each PCR assay, two negative controls were included. For each sample, the DNA extract and its dilutions were analysed in duplicate.
The real-time PCR reactions were carried out in an PikoReal 96 (Thermo Scientific, Waltham, USA) with a PikoReal™ Software 2.2, using a fast PCR protocol consisting of an initial denaturing step at 95°C for 7 min followed by 40 cycles, each consisting of 30 s of denaturation at 95°C and 30 s of annealing-extension at 60°C. The fluorescence at 530 nm was monitored for real-time data collections during annealing extension. Then, to construct the melting curve, 46 cycles of 10 s increasing the temperature in 0.5°C (from 72 to 95°C) were carried out, measuring the fluorescence at 530 nm after each of them. Thermal cycling, fluorescent data collection and data analysis were carried out with a PikoReal™ Software, version 2.2 (Thermo Scientific, Waltham, USA).
PCR line subtracted cycle fluorescence (CF) and relative fluorescence units (RFU) were plotted and utilized to calculate the average background fluorescence emission in the initial cycles. Threshold fluorescence intensity was established at 10-fold higher than the standard deviation in the initial cycles. The PCR cycles at which fluorescence exceeded the threshold were defined as the threshold cycle (Ct). The absolute quantification was performed by comparing the Ct values of the unknown samples with the standard curve and carrying out appropriate calculations considering the initial amount of sample processed and the corresponding dilution. The concentrations of Bacillus sp. target genes are expressed as amount of specific DNA present in each sample (pg DNA/mg of strain).
Results and discussion
Bacterial strains with antifungal potential selection Characterisation, identification and evaluation of the potential of a set of bacterial isolates were undertaken in order to establish the production of active lipopeptides against biodeteriogenic fungi from heritage assets.
In order to select the bacterial strains producers of antifungal compounds, 21 bacteria isolated from artworks or from healthy Q. suber are used for screening the antifungal activity. Batch cultures of these 21 selected bacteria were performed, and after 48 h, the supernatant, after removing cells, was used on antifungal screening assay ( Table 2 ). The results of the inhibition assays allow to verify that Bacillus sp. 1, Bacillus sp. 2, Bacillus sp. 3 and Bacillus sp. 4 are the only strains with inhibitory capacity against the biodeteriogenic fungi, confirmed by the formation of inhibition halos around 20 mm of diameter. However, depending on the biodeteriogenic target fungal strain, these Bacillus strains present different levels of antifungal capacity. In fact, these bacteria have the capability to produce bioactive compounds that were released to liquid culture medium.
Therefore, this screening assay allows the selection of four Bacillus strains with higher inhibitory capacity, which were subsequently analysed in order to confirm the presence of the iturin family genes in their genome, responsible for the production of antifungal LPP compounds.
Bacterial characterisation
Several approaches generally based on conventional phenotypic methods, encompassing culture and growth patterns on specific media, Gram staining and morphological and biochemical characteristics have been proposed to classify Bacillus sp. (Xu and Cote 2003; van Veen et al. 2010; Vardhan et al. 2011) . Bacillus is a large genus of aerobic endospore-forming genera and comprises bacteria of an enormous breadth in physiological and genetic diversity (Stockel et al. 2012) .
The characterisation of the selected bacteria was performed according to macroscopic (colour, size and morphology) and microscopic features (colour of colonies) and by DNA sequencing. The bacterial strains with a higher level of antagonistic potential are Gram-positive spore-forming Bacillus, with aerobically growth.
According with the macroscopic, microscopic and morphologic appearances of the bacterial strains, it was possible to infer that the bacteria strains with antifungal properties ItuC  575  ITUCR3  CGTCCGGTACATTTTCAC  ituC  bamB1F  AAGAAGGCGTTTTTCAAGCA  ituB  508  bamB1R  CGACATACAGTTCTCCCGGT  ituB  ituD2F  GATGCGATCTCCTTGGATGT  ituD  647  ituD2R  ATCGTCATGTGCTGCTTGAG  ituD   ituA1F  TGCCAGACAGTATGAGGCAG  ituA  885  ituA1R CATGCCGTATCCACTGTGAC ituA relatively to the tested biodeteriogenic fungi strains had the same morphological and biochemical characteristics (bacilli Gram-positive), belonging to the genera Bacillus. Batch cultures of Bacillus sp. 1, Bacillus sp. 2, Bacillus sp. 3 and Bacillus sp. 4 were performed during 48 h, allowing to follow the exponential growth phase and to reach a stationary phase of cultures. Figure 1 shows the time course profile of the four Bacillus sp. strains after 35 h of growth. All cultures present similar kinetic features, namely a lag phase during about 3 h, a period of exponential growth of approximately 8-11 h and a stationary phase after 12 h of culture. The specific growth rate and the generation time were determined during the exponential growth period, and the Bacillus sp. 3 displays a major specific growth rate (μ) and a minor generation time (g) ( Table 3) .
After 48 h of culture, when nutrients starvation limit the growth (stationary phase), the bioactive compounds were recovered. In fact, starvation can be met by a variety of alternative survival strategies corresponding to the production of secondary metabolites that can act as surfactants, increasing the surface area from nonsoluble hydrophobic growth substrates and the solubility of hydrophobic substances (Varadavenkatesan and Murty 2013) . Phylogenetic analysis on the basis of the sequences of 16S rDNA was performed, showing that the strains form a monophyletic clad, which was closest to but could be clearly distinguished from B. subtilis, B. amyloliquefaciens, B. safensis and B. pumilus (Fig. 2) . The major clusters were conserved as it can be seen by comparing clusters I, II and III; for instance, B. safensis and B. pumilus are only found in cluster I of the phylogenetic trees. The Bacillus sp. 1 and Bacillus sp. 3 strains belong to the same group (cluster II) where several strains of B. subtilis and B. amyloliquefaciens are also included, presenting a high level of phylogenetic relationship with these strains. In the cluster I, the Bacillus sp. 4 exhibits a separation of the remaining groups, showing a high level of approximation with sequenced B. pumilus strains. Bacillus sp. 2 presents a major genetic deviation.
Bacillus identification
There is no consensus in what defines a species and genus based on the 16S rDNA sequence similarity. However, similarity of ≥99% for 16S sequence, when compared with the prototype strain sequence in GenBank, can be considered as a criteria for the classification of species. Also, for the identification at the genus level, the criteria usually used can be defined as a 16S rDNA sequence similarity of ≥97% (Drancourt et al. 2000; Xu and Cote 2003; Vardhan et al. 2011; Mohkam et al. 2016 ).
Some of the most similar Bacillus strains researched have shown the capacity to produce metabolites that present antagonistic activity against filamentous fungi. Some strains of B. subtilis have shown the ability to produce antifungal metabolites that caused abnormal swelling of hyphae ) and predominantly antagonistic activities against Fusarium moniliforme (Sheldon ATCC 38932), revealing the presence of fengycin homologues detected by HPLC analysis (Hu et al. 2007 ). Also, strains of B. amyloliquefaciens showed high levels of antagonistic properties against filamentous fungi that attack forest industry products (Caldeira et al. 2011b ) and citrus postharvest pathogenic fungi (Das et al. 2008) . Additionally, strains of Bacillus methylotrophicus presented biocontrol potential against soil-borne pathogens (Li et al. 2014) and B. pumilus an effective tool for isolating plant growth-promoting rhizobacteria strain with high affinity to host plants from wheat roots working as effective biofertilizers and biocontrol agents (Zhang et al. 2012 ).
Amplification of Bacillus lipopeptide genes
Gram-positive Bacillus strains are known for the ability to produce a variety of lipopeptides with remarkable surface and antimicrobial activities especially the nonribosomally synthesized cyclic lipopeptides surfactin, iturin and fengycin (Caldeira et al. 2008; Rückert et al. 2011; Zhao et al. 2013) . Previous works reported that the Bacillus sp. strains have a great potential to produce lipopeptides from the fengycin and specially iturin family (Caldeira et al. 2008; Caldeira et al. 2011b; Silva et al. 2015) .
In order to identify DNA markers on the genome of the Bacillus strains, corresponding to the nonribosomal lipopeptide synthetase units (NRPS), a polymerase chain reaction (PCR) was conducted to detect genes involved in the biosynthesis of iturin family lipopeptides reported to be produced by the Bacillus sp. strains. A total of four gene fragments of the size expected to be correlated with antifungal activities were efficiently amplified by ituD2F/ituD2R, ituA1F/ituA1R, bamB1F/bamB1R and ITUCF1/ITUCR3 primers (Joshi and Gardener 2006) . Primers used to amplify the genes encoding for bioactive compounds of Bacillus sp. were either used for the amplification of the iturin operon which spans a region more than 38 kb long and is composed of four open reading frames (ORFs): ituA, ituB, ituC and ituD.
The DNA bands present in the agarose gel electrophoresis confirmed the integrity and the identity of these genes (Fig. 3) . It is possible to observe fragments with 885, 508, 575, and 647 pb corresponding to the four ORFs, ituA, ituB, ituC and ituD, respectively.
The PCR products obtained from the total DNA of the Bacillus sp. strains with different sizes show several distinguishable bands with different levels of intensities. All the primers used in this study amplified fragment regions of iturin synthetase or its closely related compounds in the iturin family.
The primers corresponding to the ituA (ituA1F/ituA1R), ituB (bamB1F/bamB1R) and ituD (ituD2F/ituD2R) are well represented in the agarose gel electrophoresis with intense bands, in contrast with ituC (ITUCF1/ITUCR3) which are not amplified on Bacillus sp. 1 and Bacillus sp. 3.
Quantification of iturin genetic expression
Real-time PCR revealed that DNA copy number varied from 6.5 × 10 3 to 1.4 × 10 6 copy/μg DNA in 1 mL of bacterial liquid culture for the ituA and ituB (Fig. 4) . The high number of iturinic ORF copies was obtained for Bacillus sp. 3 and Bacillus sp. 4.
The Bacillus bioactive compounds iturin A, bacillomycin D and mycosubtilin are members of the iturin group and has Fig. 2 Phylogenetic relationships of Bacillus species based on nucleotide sequences of the 16S rDNA. The tree was generated by the neighbour-joining method (MEGA 4.0 software). Percentages at nodes represent levels of bootstrap support from 1000 resampled datasets. The bar indicates 0.005% estimated sequence divergence already been completed sequenced (Tsuge et al. 2001; Yao et al. 2003; Moyne et al. 2004; Zhao et al. 2013) . Some studies described that the operon of bacillomycin D is 98% identical to iturin A and 79% to mycosubtilin. Despite this similarity, the differences observed in the expression and quantification of the iturin ORFs of the Bacillus strains can be due to possible nucleotide differences in the multifunctional peptide synthetases responsible for the iturin A synthesis.
Therefore, the DNA sequences obtained from these amplifications confirmed the presence and different quantity of the iturin A genes, constituting an effective approach for identification and selection of lipopeptides producer's strains. In fact, the presence, variability and expression of the nonribosomal protein synthases responsible for the iturinic compounds biosynthesis, associated with the antifungal screening, allows validating the selection of strains with higher potential for fungal proliferation control. In fact, the higher iturinic genetic expression for Bacillus sp. 3 and Bacillus sp. 4 is in accordance with the antifungal behaviour.
In order to proceed with confirmation of lipopeptide production, an LC-ESI-MS analysis of the supernatant of cultures was performed. Culture analysis of Bacillus sp. 3, the most representative producer strains, is presented on the Fig. 4 . The chromatogram showed several molecules around peaks at m/z 1031 and 1045. These clusters, according with previous studies, may belong to putative iturin class (Kim et al. 2010; Caldeira et al. 2011b; Mandal et al. 2013) .
The mass spectra obtained in an ESI mode, showed a cluster containing molecules with a difference of 14 Da (Fig. 4a, b) , corresponding to the loss of CH 2 and suggesting a series of homologous molecules with different length of fatty acid chain (Fig. 5) . These m/z values suggest the presence of the antifungal lipopeptide mainly from iturin family (Caldeira et al. 2008; Silva et al. 2016 ). In the literature, bacterial lipopeptides such as iturin A, surfactin and fengycin exhibited the same peak profile that the obtained with this strains. Kim et al. (2010) described that the strains of B. subtilis CMB32 produce lipopeptides with molecular masses estimated in 1080 and 1044 Da, corresponding to the antifungal lipopeptides iturin A and surfactin A, respectively (Kim et al. 2010) . The spectra Fig. 4 Number of iturinic ORFs amplified DNA copies in the genome of Bacillus sp. determined with real-time PCR. A 10-fold serial dilution of pDNA Bacillus sp. 3 (3.4 × 10 3 to 3.4 × 10 8 copies/μL) was used to construct the standard curve for which two primer. itu A; itu B; ituC; ituD These combined methodologies with antifungal screening and molecular data constitute a valuable tool for quick identification of iturin-producing strains, constituting an effective approach for confirming the selection of lipopeptides producer strains. Therefore, the ability of these strains to produce antifungal compounds with antagonistic activity against biodeteriogenic fungi are established, and these selected microorganisms will be used to developed new mitigation strategies, namely to produce natural green safe biocides for cultural heritage artworks safeguard.
Conclusion
Four new bacterial strains belonging to the culture collection of HERCULES Laboratory (Biotec laboratory) have the ability to suppress biodeteriogenic fungal growth from heritage context environments. The bacteria strains exhibit the same morphological and biochemical characteristics, belonging to the genera Bacillus and showing higher level of similarity with B. subtilis, B. amyloliquefaciens and B. pumilus.
The gene fragments associated with the ORFs involved in antibiotic synthesis (ituA, ituB, ituC and ituD) were efficiently amplified and quantified, confirming the presence of the iturinic genes but with different degrees of expression. The established spectrometric (LC-ESI-MS) and molecular methodology (PCR and real-time PCR) proved to be valuable for quick identification of iturin producing strains.
Therefore, the presence, variability and expression of the nonribosomal protein synthases responsible for the iturinic compounds biosynthesis allow to select the strains with higher potential for mitigation strategies to be used as natural green safe biocides for biodegraded cultural heritage artefacts.
